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The most common etiology of chronic venous
disease (CVD) is reflux in the superficial, deep, or
perforator veins. With the advent of duplex ultra-
sound scan in the last decade, it became obvious that
the superficial venous system is the site most com-
monly affected. In recent studies,1,2 investigators
have reported that reflux in the superficial system is
present in approximately 90% of limbs with CVD,
whereas reflux in the deep system is detected in only
30% of limbs. The prevalence of deep venous insuf-
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Purpose: This prospective study was designed to determine the prevalence of deep reflux
and the conditions under which it may occur in patients with primary superficial venous
reflux and absence of deep venous thrombosis (DVT).
Methods: We studied 152 limbs in 120 consecutive patients in the standing position who
had superficial venous reflux with color flow duplex scanning. Limbs with documented
evidence of DVT or post-thrombotic vein wall changes during the examination were stud-
ied but not included in the analysis. Limbs were divided into those that had at least reflux
in the saphenofemoral, the saphenopopliteal, or the gastropopliteal junction and into
those with nonjunctional reflux in the superficial and gastrocnemial veins. Peak velocity
and duration of reflux were measured. To examine the recirculation theory, we tested the
deep veins by occluding and refluxing saphenous veins 10 cm below the sampling site.
Results: Thirteen limbs in 11 patients (9%) were excluded because of previous DVT. Of the
remaining 139 limbs, 106 (76%) had junctional reflux. Saphenofemoral junction was
involved in 89 limbs (84%), saphenopopliteal junction in 18 (17%), and gastropopliteal
junction in 7 (4%). In 33 limbs (24%), reflux was detected in the main trunk or tributaries
of the saphenous veins alone with no junctional incompetence. Femoral or popliteal reflux
was present in 31 limbs (22%). This reflux was segmental in 27 limbs, and it was limited
in the junction in 24 limbs. The mean duration of deep venous reflux was 0.9 seconds, it
ranged from 0.6 to 3.7 seconds, and it was significantly shorter than that in the superfi-
cial veins (2.6 seconds; P < .0001). In the absence of junctional reflux, the prevalence of
deep venous insufficiency (DVI) was significantly lower compared with that in limbs with
junctional involvement (2 of 33 vs 29 of 106; P = .038). The mean duration of deep
venous reflux in these groups was comparable (0.85 seconds vs 0.91 seconds; P = .44).
Occlusion of the incompetent superficial veins reduced somewhat the duration of the deep
venous reflux but did not abolish it (0.88 seconds vs 0.82 seconds; P = .072). The pres-
ence of DVI was associated with junctional reflux of high peak velocity and long duration. 
Conclusions: The prevalence of DVI in patients with primary superficial venous reflux and
without history of DVT is 22%. However, this reflux is segmental, mainly in the common
femoral vein, and is of short duration. It is associated with the presence of junctional incom-
petence that has a high peak velocity and long duration. These findings may explain why
surgical correction of superficial reflux abolishes DVI. (J Vasc Surg 2000;32:663-8.)
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ficiency (DVI) (reflux in the deep veins) in limbs
with reflux in the superficial system is reported to be
approximately 20%.3 In some limbs with combined
superficial and deep venous reflux, there is no histo-
ry of or sonographic appearance consistent with a
previous episode of deep venous thrombosis (DVT).
In these limbs, it has been suggested that DVI may
result from volume overload due to the reflux of
blood in the superficial system.3 More specifically, it
has been hypothesized that incompetence of the
superficial system results in increased venous return
through the perforating veins into the deep system.
This creates a volume overload in these veins that
leads to venous dilatation and eventually to incom-
petence. In support of this theory, investigators of
two studies3,4 have reported that surgical correction
of reflux in the superficial system abolished the
reflux in the deep system in more than 90% of the
affected limbs. In these studies the prevalence of
DVI is either not clear or not mentioned at all.
Moreover, the site and duration of both deep and
superficial vein reflux are not provided in detail, and
therefore, no association among the incompetent
segments can be made. This prospective study was
designed to determine the prevalence, duration, and
anatomic distribution of such deep venous reflux
and the conditions under which it may occur.
METHODS
Consecutive patients with CVD and reflux in
superficial veins documented with color flow duplex
scanning (CFDS) were included in the study. Limbs
with a documented episode of DVT or post-throm-
botic vein wall changes during the examination were
studied but not included in the analysis. These limbs
were compared for deep venous reflux characteristics
with the rest of the limbs. Patients who had under-
gone previous venous surgery or sclerotherapy were
excluded from the study. Limbs were divided into
those that had at least reflux in the saphenofemoral
junction (SFJ), saphenopopliteal junction, (SPJ) or
gastropopliteal junctions (GPJs) and into those with
nonjunctional reflux. 
A single investigator (NL) performed all tests.
The superficial, perforator, and deep veins were
examined in all patients who had CFDS while they
stood; linear array transducers of 4 to 7 and 5 to 10
MHz (ATL, HDI 3000, Bothell, Wash) were used
for the examination. The common femoral vein was
examined at the SFJ and just distal to it before the
femoral bifurcation. When reflux was present in any
segment of this vein, its entire length was evaluated.
The superficial femoral vein was always examined at
the proximal and distal ends. When reflux was pre-
sent at either end, it was traced in both directions to
determine its extent. Reflux was evaluated with a
rapid inflation pneumatic cuff with a peak pressure
of 80 mm Hg (Arterial Flow; Aircast Inc, Summit,
NJ). Both the superficial and deep veins were
imaged in the long view to allow accurate Doppler
scan insonation angle at 60 degrees. Transverse or
oblique scanning in relation to superficial or deep
veins was used for the perforating veins. In these
planes it is easier to identify these veins and image
their long axis better.5 Peak velocity and duration of
reflux were measured. To test the effect of volume
overload in the deep veins from the refluxing blood
in the superficial system (recirculation theory), we
evaluated the deep veins by occluding the refluxing
saphenous veins 10 cm below the sampling site.
Digital occlusion of the saphenous veins was guided
by CFDS, which allowed adequate pressure for
occluding the superficial veins without reducing the
lumen of the deep veins. Reflux was defined as a ret-
rograde flow more than 0.5 seconds.
The χ2 test was used for the difference in pro-
portions among the different groups. The Fisher
exact test was used when the expected value in any
of the cells was 5 or less. The 2-tailed t test was per-
formed for the difference of the means. The associa-
tion among different variables was evaluated with
linear regression. Data are presented as mean and
95% CIs, range, and proportions. Statistical signifi-
cance was set at a P value less than .05.
RESULTS
There were 152 limbs in 120 patients with CVD;
74 patients (62%) were women with a mean age of 52
years (range, 24-79 years). Thirteen limbs in 11
patients were not included because of previous DVT.
In the remaining 139 limbs, junctional reflux was
found in 106 limbs (76%). The SFJ was the most
incompetent; it was involved in 89 limbs (84%), com-
pared with the SPJ in 18 limbs (17%) and the GPJ in
7 limbs (4%) (P < .0001). Deep vein reflux was present
in 31 limbs (22%). The prevalence, distribution, peak
velocity, and duration of reflux are shown in the Table.
The most common site was the common femoral vein
(n = 22, P < .02). Incompetence at one deep vein seg-
ment was found in 27 limbs (87%), whereas 24 of
those had reflux confined at the level of any of the
three junctions only. Reflux in the common and super-
ficial femoral veins was associated with the greater
saphenous vein (GSV) incompetence, whereas popli-
teal reflux was associated with the lesser saphenous
vein (LSV) and gastrocnemial vein incompetence.
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The mean duration of deep venous reflux was
0.9 seconds (95% CI, 0.79-1.01; range, 0.6-3.7 sec-
onds), and it was significantly shorter than in the
superficial veins (2.6 seconds; 95% CI, 2.42-2.78; P
< .0001) and in the 13 post-thrombotic limbs (2.2
seconds; 95% CI, 1.54-2.86; P < .0001). The
anatomic extent of reflux in the post-thrombotic
limbs was significantly longer than in those with pri-
mary incompetence (prevalence of multisegmental
reflux: 12 of 13 vs 4 of 31; P < .0001). In fact, only
one post-thrombotic limb had isolated reflux in the
lower superficial femoral vein. The peak reflux veloc-
ity was also significantly smaller in the deep veins
compared with the superficial veins (16.5 cm/s, 95%
CI, 15.1-17.9 vs 27.2 cm/s, 95% CI, 26.2-28.2; P <
.0001) or with post-thrombotic deep veins (23 cm/s,
95% CI, 20.2-25.8; P = .002). 
The prevalence of DVI was significantly higher
in the presence of junctional reflux than in limbs
without junctional involvement (29 of 106 vs 2 of
33; P = .038). The mean duration of deep venous
reflux in these groups was comparable (0.85 seconds
vs 0.91 seconds; P = .44). Because there were only
two patients with DVI in limbs without junctional
involvement, these findings should be treated with
caution. The presence of DVI was associated with
junctional reflux (r = 0.83, P < .0001) and superfi-
cial vein reflux with high peak velocity or long dura-
tion (r = 0.59, r = 52, P < .01). Occlusion of the
incompetent superficial veins slightly reduced the
duration of the deep venous reflux but did not abol-
ish it (0.88 seconds vs 0.82 seconds, P = .072). 
DISCUSSION
In the early stages of CVD, reflux usually
involves the superficial veins, whereas DVI is
uncommon.6 The prevalence of DVI increases as
CVD worsens,7,8 and combined superficial and deep
venous reflux is seen with more severe CVD (classes
C4-C6). Such categorization was not performed in
the current study because only 31 limbs had DVI.
Clearly, the sample size is too small to allow mean-
ingful comparison among the different classes
regarding the prevalence and characteristics of deep
venous reflux. Older reports have indicated that
superficial vein ligation, stripping, or both have
poorer results when there is reflux in the deep
venous system.9 However, there is a subgroup of
patients in whom deep venous reflux can be correct-
ed by the removal of incompetent superficial
veins.3,4 In these patients, deep venous reflux is
thought to be the result of dilatation due to volume
overload from recirculation, through the perfora-
tors. This theory is supported by the observation
that the diameter of deep veins in limbs with super-
ficial vein reflux is larger compared with limbs with
a normal superficial venous system.10 However, in a
study that followed up 56 limbs with documented
reflux in the superficial veins for an average of 20
months (range, 15-27 months), the authors failed to
show new onset of deep vein reflux. Those limbs
exhibited deterioration of the superficial vein incom-
petence with involvement of new segments that
were previously normal and a worsening of the over-
all clinical picture.11 Furthermore, there is no con-
crete evidence in the literature that surgical correc-
tion of reflux in the superficial system reduces the
diameter of the deep veins, although Walsh et al3
state that such an observation has been made by
Partsch in Vienna. Additional pathophysiologic
mechanisms for the development of primary deep
venous reflux include floppy valves and distention of
the vein.12 Although such observations have been
reported in the absence of superficial reflux, it is not
known how often this occurs, and there are no lon-
gitudinal studies to demonstrate how primary reflux
in one system affects the other. Finally, primary deep
venous reflux also occurs in patients with congenital
valvular aplasia, but this condition is extremely rare.
Our study showed that in the absence of previ-
ous DVT, the prevalence of DVI in limbs with
superficial vein incompetence was 22%. In the two
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Prevalence and characteristics of deep venous reflux
Peak reflux velocity (cm/s) Duration of reflux (s) 
Vein segment Limbs with reflux (n/%) mean (95% CI) mean (95% CI)
Common femoral 22/71 16 (14.3-17.7) 0.91 (0.77-1.04)
Superficial femoral 9/29 15 (11.6-18.4) 0.87 (0.59-1.15)
Popliteal 5/16 18 (10.7-25.3) 0.89 (0.53-1.25)
Of the four limbs with multisegmental incompetence, two had reflux in the common and superficial femoral veins; one in the common
femoral, superficial femoral, and popliteal veins; and one in the superficial femoral, and popliteal veins.
Common femoral vein reflux prevalence versus superficial femoral or popliteal vein, P < .02. There were no significant differences in the
reflux peak velocity and duration in any of the veins.
reports that showed correction of deep reflux after
superficial vein stripping,3,4 the prevalence was 11%
and 38%. It is not clear, however, whether this rep-
resents the true prevalence of this condition because
none of them provides detailed information on the
patient population studied. 
We found that DVI was usually limited to one
segment, and the common femoral vein was the site
most frequently affected. In contrast, Walsh et al3
reported that reflux in the deep venous system was
detected mainly in the superficial femoral vein, and in
three limbs, the popliteal vein was involved as well.
However, reading the methods of this study raises
the question of whether the superficial femoral vein
was truly examined and not the common femoral
vein just distal to the SFJ. In the study by Sales et al,4
it is not clear whether the common or superficial
femoral vein was incompetent preoperatively. 
We demonstrated that a clear anatomic associa-
tion exists between the incompetent segment in the
superficial system and the site of reflux in the deep
veins. Specifically, reflux in the common and super-
ficial femoral veins was associated with GSV incom-
petence, whereas popliteal reflux was associated with
LSV and gastrocnemial vein incompetence.
Superficial reflux can exist in the absence of junc-
tional involvement.5,13,14 Furthermore, the presence
of reflux in the SFJ, the SPJ, and the GPJ signifi-
cantly increased the incidence of DVI, indicating
that such junctional reflux could be an important
factor in the pathogenesis of deep valvular insuffi-
ciency. We think that reflux in the common femoral
vein is seen in the early stages of DVI and is most
likely due to reflux of blood through the SFJ to the
GSV. This could explain why stripping of the GSV
eliminates reflux in the common femoral vein. If the
superficial reflux were left untreated or the deep
reflux remained uncorrected despite stripping of the
superficial veins, it is conceivable that the deep reflux
could become more extensive by affecting adjacent
normal vein segments. For example, reflux in the
common femoral vein could extend into the superfi-
cial femoral vein. Whether this is due to dilatation of
the vein or to some other mechanism is not known,
nor is the mechanism by which reflux in the superfi-
cial femoral vein would be corrected after saphenous
vein stripping. Sales et al4 reported that the one
patient in their study in whom deep vein reflux was
not corrected after removal of the saphenous vein
had extensive DVI involving both the femoral and
popliteal veins. In addition, Walsh et al3 reported
that in the two patients who showed persistent DVI
postoperatively, the diameter of the femoral vein was
significantly larger compared with the mean diame-
ter of all incompetent femoral veins. It is possible
that these patients may have had more advanced dis-
ease and, therefore, a permanent malfunction of the
deep veins. 
Because this study is not longitudinal, we cannot
exclude the possibility that reflux may have started in
the deep veins. It is conceivable that in such an occa-
sion, the refluxing blood from the common femoral
and popliteal veins can lead to an incompetent SFJ,
SPJ, and GPJ. However, if the primary reflux were
to start in the deep veins and extend later in the
superficial veins, this cannot explain why the surgical
correction of the latter eliminates reflux in the for-
mer. In a previous study from our institution it was
clearly shown that venous reflux starts in the super-
ficial and not the deep veins.6 In fact, at the early
stages of CVD, venous reflux not only is significant-
ly more prevalent in the superficial veins, but is also
most often found away from the junctions.6
The prevalence of DVI was significantly higher
in the presence of junctional reflux than in limbs
without junctional involvement. This observation
may question the importance of volume overload of
the deep veins because of the recirculation of the
refluxing blood from the superficial veins. However,
it could still be argued that involvement of the junc-
tions may imply higher volume of refluxing blood
that returns through the deep veins. Probably other
factors play a role in the development of deep
venous reflux, such as the amount and extent of
reflux in the superficial veins, the time that this
reflux has been present, the arrangement of the
valves in the deep veins, the structural changes in the
wall and valves of the deep veins, and the presence of
inflammatory cells and substances in these veins. 
Another observation was that the duration of
reflux in the deep venous system was significantly
shorter compared with reflux in the superficial sys-
tem and deep venous reflux in limbs with previous
DVT. Whether this was in association with dilatation
of the vein was not examined. We have found no
similar data in the studies mentioned above for
comparison.3,4,6 The peak reflux velocity was also
significantly smaller in the deep veins compared with
the superficial veins or with the post-thrombotic
deep veins. This was a consistent finding in our
study, in contrast to the report by Walsh et al,3 who
showed such a relationship only in the limbs belong-
ing to class 1 CVD. In addition, the duration of
reflux in the deep veins slightly decreased after
occlusion of the superficial system 10 cm distal to
the sampling site, but was never abolished.
JOURNAL OF VASCULAR SURGERY
666 Labropoulos et al October 2000
Occlusion of the superficial veins did not abolish
reflux in the deep veins probably because the occlu-
sion was performed 10 cm lower than the sampling
site; it is impossible to occlude the SFJ or the SPJ
without affecting the diameter of the common
femoral or popliteal veins. This is in contrast to the
surgical correction of reflux where the GSV and LSV
are ligated at their junction with the deep veins with-
out leaving an incompetent vein segment in place.
Also, surgical correction is a more permanent mea-
sure than the temporary superficial vein occlusion. 
CONCLUSIONS
In patients with primary superficial venous reflux
and without a previous episode of DVT, the preva-
lence of DVI is 22%. Reflux in the deep venous sys-
tem is segmental, occurs mainly in the common
femoral vein, and has a short duration. This reflux is
associated with the presence of junctional incompe-
tence that has a high peak velocity and long duration.
We think that junctional reflux could play a signifi-
cant role at least in the early stages of this condition.
Whether the diameter of the deep veins increases as
the disease progresses and whether it regresses with
correction of the superficial vein reflux are questions
that need to be answered prospectively.
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DISCUSSION
Dr John J. Bergan (La Jolla, Calif). Thank you for
mentioning my name. Not many people in the audience
know me. This is a fine descriptive study in patients with
varicose veins, and we need such studies. Nicos per-
formed all of the studies himself, and that eliminates one
of the possibilities for error. You’ve confirmed, Nicos, the
fact that deep venous reflux occurs in about 20% of
patients with varicose veins, but the trouble is that your
study is focused largely on the common femoral vein and
popliteal where the reflux is expected to go into the
superficial refluxing segments. In our study, and also the
one by Sales CM in New Jersey, the focus of attention was
actually on the superficial femoral vein as being the deep
reflux, which remitted in 90% of the patients after super-
ficial venous surgery. The common femoral vein reflux is
relatively unimportant because it’s caused by a downward
flow from the saphenous vein. It’s really the reflux in the
superficial femoral vein that is of great importance, and
focusing on that group that you had in your study, I
would ask a few questions.
What was the incidence of the severity of venous insuf-
ficiency? How many patients had class 4 likely der-
matosclerosis, how many class 5 healed ulcer, and then
how many class 6? What we found is that the reflux in the
deep systems does not go away after superficial surgery in
the advanced classes of venous insufficiency. The second
methodological flaw in this study is the assumption that
superficial pressure actually occludes superficial venous
reflux. It is well known that tourniquet testing in venous
disease is notoriously inadequate. It takes 120 mm Hg and
a 2-in tourniquet to occlude the superficial system. Also,
probably superficial pressure on the saphenous vein 10 cm
from the junction allows the flow in refluxing tributaries
to continue, and it is through these incompetent tribu-
taries that the junctional reflux would continue. But there
is a real value in this study. That is what has happened to
the superficial femoral vein, the true deep reflux, after ade-
quate surgery. We know Dr Baker is an adequate surgeon
and aggressive in surgery, so there must be some results
postoperatively. Finally, what happened to the deep vein
diameters? That is the unknown in all of these studies after
adequate surgery. If the deep vein diameters decrease,
then we have an explanation for the cause of deep reflux. 
Your work is meticulous, well documented, and con-
tains significant numbers of studies. I hope that here in the
United States you will continue to do your work and
report your results to these meetings.
Thank you very much.
Dr Nicos L. Labropoulos. Dr Bergan, thank you very
much for your nice discussion. Superficial femoral vein
reflux was found in nine of 39 limbs with deep venous
reflux. Almost all patients belonged to CVD classes 2 and 3.
Only a few patients belonged to CVD classes 4 to 6.
However, we do know that the prevalence of DVT increas-
es with the severity of CVD. Also from prospective studies
it is known that only 50% of patients with DVT are symp-
tomatic. Furthermore, many thrombi lyse without leaving
any damage to the vein wall. Therefore, most of the patients
studied had mild to moderate disease, while those patients
with an epidose of previous DVT were excluded from the
study. In your study in was not clear from the manuscript
whether the common or superficial femoral vein was affect-
ed. There was no problem in compressing the vein below
the junction because it was done under ultrasound guid-
ance. The diameter of the deep veins was not measured, but
we plan to do this prospectively. Thank you.
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